consent for the study. We performed a retrospective chart review of patients younger than 15 years of age who had been diagnosed with hydrocephalus and treated via extraventricular drainage or ventriculoperitoneal shunt insertion, between 2005 and 2015 at our hospital. A neurosurgeon had determined the diagnosis on the basis of physical findings such as increased head circumference or imaging findings such as enlarged ventricles on brain ultrasonography, CT, or MRI. We evaluated factors including age at diagnosis, sex, etiology of hydrocephalus, duration of signs or symptoms, ICP, and the presence of papilledema. We excluded patients with a history of ophthalmic surgery or of a congenital or acquired ophthalmic condition such as optic nerve disease, glaucoma, media opacity, or cataract.
A radiologist reviews the neuroimaging data, and a neurosurgeon measures ICP during procedures such as extraventricular drainage or ventriculoperitoneal shunt surgery. The degree of ventriculomegaly is quantified using a frontooccipital horn ratio. 10 To estimate ICP, the opening pressure at the ventricular puncture is measured, though it may be a little higher than in the awake state with spontaneous respiration. The patient is placed supine under general anesthesia with endotracheal intubation and normal-range arterial CO 2 level (38-42 mm Hg). After ventricular puncture at any site, while minimizing cerebrospinal fluid leakage, the ventricular catheter is connected to an approximately 50-cm-long prefilled saline column whose upper end is open. When the column is held upright, the fluid level gradually goes down if the ICP is not exceptionally high. After confirming stabilization and oscillation of the fluid level in the saline column, the height of the fluid level is measured from the presumed foramen of Monro.
Fundus examination is performed just prior to the neurosurgical procedure. Using direct or indirect ophthalmoscopy, an experienced ophthalmologist assesses the optic disc for the presence of swelling; the optic disc is graded as normal if it appears flat with a discrete margin. Papilledema is considered to be present if there is disc elevation, retinal vessel obscuration, or blurred disc margin. If photographs (RetCam, MLI Inc.) are obtained, the disc is graded according to the modified Frisén Scale. The scale characterizes disc swelling as Grades 0-5, representing increasing severity of optic disc edema: Grade 0, normal optic disc; Grade 1, minimal degree of edema with C-shaped halo of opacification of the optic disc border; Grade 2, low degree of edema such as circumferential halo of the optic disc border; Grade 3, moderate degree of edema obscuring at least 1 segment of a major vessel leaving the optic disc; Grade 4, marked degree of edema obscuring at least 1 segment of a major vessel on the optic disc; and Grade 5, severe degree of edema with total obscuration of vessels on and leaving the optic disc. 16 Patients were divided into 2 groups depending on the presence or absence of papilledema and were subsequently analyzed for factors associated with papilledema. The independent t-test, Pearson chi-square test, Fisher exact test, Kruskal-Wallis test, logistic regression analysis, and linear regression analysis were used for statistical analyses with IBM SPSS software (version 12.0, IBM SPSS Inc.), and p values < 0.05 were considered statistically significant.
Results

Characteristics of Patients
Four hundred nineteen patients younger than 15 years were diagnosed with hydrocephalus and treated by extraventricular drainage or ventriculoperitoneal shunt insertion in the neurosurgery department between 2005 and 2015. Children who did not have a fundus examination or who lacked ICP records were excluded, leaving 46 patients eligible for inclusion in our study. The mean age was 6.3 ± 4.7 years, and 26 patients were male. In 10 patients, the ophthalmological examination showed the first indication of raised ICP; in the remaining patients, ophthalmological examination was requested after neuroimaging had shown a brain lesion such as a tumor. Additionally, every patient presented with enlarged ventricles on brain imaging; the mean frontooccipital horn ratio was 0.5 ± 0.1.
The group with papilledema included 27 patients (59%) with a mean age of 8.8 ± 4.2 years. The group without papilledema consisted of 19 patients (41%) with a mean age of 2.7 ± 2.7 years (p < 0.001). The mean ICP was 19.9 ± 10.0 cm H 2 O in the patients without papilledema and 33.3 ± 9.1 cm H 2 O in those with papilledema (p < 0.001). The mean duration of signs or symptoms was 3.0 ± 4.6 months in patients without papilledema and 3.4 ± 3.9 months in those with papilledema (p = 0.704; Table 1 ).
Causes of Hydrocephalus
The patients were further subdivided according to the cause of hydrocephalus; 27 patients presented with brain tumor, 9 with congenital anomaly, 6 with brain hemorrhage, and 4 with brain infection. There were no differences in the duration of signs or symptoms among the 4 groups (p = 0.169); however, patients with hydrocephalus caused by brain tumor were older and presented with higher ICP than patients in the other hydrocephalus groups. Additionally, a higher incidence of papilledema was observed in patients with hydrocephalus due to brain tumor than in the other groups: 81% of patients with brain tumor, 33% of patients with congenital anomaly, 17% of patients with brain hemorrhage, and 25% of patients with brain infection (p < 0.001; Table 2 ).
In the group presenting with brain tumor, there were 12 patients with medulloblastoma, 6 with pilocytic astrocytoma, 3 with germinoma, 3 with mixed germ cell tumor, 2 with ependymoma, and 1 with glioblastoma. Moreover, 70% of the brain tumors were located infratentorially, 15% supratentorially, and 15% in both locations. The specific types, sizes, and locations of the brain tumors were not significantly associated with the presence of papilledema.
In the group presenting with brain hemorrhage, the causes of hemorrhage were nontraumatic subdural hemorrhage, or intraventricular hemorrhage in preterm infants.
Factors Associated With the Presence and Severity of Papilledema
Patient age, sex, ICP, and duration of signs or symptoms were analyzed using logistic regression analysis. An increased age and increased ICP were significantly associated with the presence of papilledema (Table 3) ; therefore, we categorized patients by age and ICP. With an age more than 2 years old, papilledema became more likely (p < 0.001; Fig. 1 ). The distribution of ICP revealed that papilledema was more common with higher ICP (p = 0.001; Fig. 2) .
Among the 27 patients with papilledema, there were 16 patients whose fundus photographs had been obtained using the RetCam. On evaluation of these images, disc swelling was graded according to the modified Frisén Scale. Six patients had Grade 1 edema, 5 had Grade 2, 3 had Grade 3, and 2 had Grade 4. There were no significant factors associated with the severity of papilledema.
Discussion
Papilledema is one of the most important signs of hydrocephalus; if undetected, it can lead to irreversible damage such as optic atrophy. However, the absence of papilledema could be a false-negative sign; in our study, papilledema was absent in 41% of the children with hydrocephalus. Allen et al. 1 also reported that papilledema was absent in 35% of children with hydrocephalus due to primary brain tumor. These authors asserted that measuring the head circumference was essential for these younger children.
Our findings showed that children without papilledema were younger than those with papilledema. The absence of papilledema in younger children with hydrocephalus may be attributable to the presence of open fontanelles. In this study, 9 patients had an open fontanelle at the time of the procedure and they all presented with a normal optic disc. Because the fontanelle is open, the infant's skull can expand and provide protection against the increased ICP, so that the rise in ICP is insufficient to cause papilledema. Indeed, this is the known explanation for the low incidence of papilledema among children with congenital hydrocephalus. 1, 6, 14 In addition, Hayreh 7,8 stated that optic disc edema occurs mechanically when ICP rises within the confined skull cavity. Authors of other studies have also reported that the absence of papilledema provided no definitive information about ICP, so clinicians should be aware that a flat optic disc does not preclude the possibility of increased ICP. 3, 5, 14 Nonetheless, the presence of papilledema is one of the most useful indicators for a preoperative diagnosis of raised ICP. If papilledema is present in children with signs and symptoms such as nausea, vomiting, and headache, they should be referred for further neurological examina- tion or neuroradiological evaluation. 9 Additionally, younger patients with posterior fossa tumors have a higher risk for the development of persistent hydrocephalus.
12 Therefore, frequent and continual follow-up examination is particularly important for children. Primary brain tumors are the second most common solid tumors in children. In previous studies, the location of the primary brain tumor has been noted to vary with age: 70% were classified as supratentorial in adults, whereas 70% were classified as infratentorial in children. 2, 12 As the tumor enlarges within the confined skull cavity, the ventricular system, which is responsible for drainage of cerebrospinal fluid, can become obstructed. This problem is especially common with brainstem and cerebellar tumors, which block the third ventricle, the aqueduct of Sylvius, or the fourth ventricle, resulting in obstructive hydrocephalus. In the present study, the 27 patients with hydrocephalus caused by brain tumor presented with a higher prevalence of papilledema when compared with the other hydrocephalus groups. Furthermore, 86% of patients with a brain tumor involved the brainstem or cerebellum. This would help to account for the higher prevalence of papilledema evident in this group as compared with other groups.
Previous studies have reported that the development of papilledema requires a critical duration of ICP elevation.
11,14,17,18 Nazir et al. 14 stated that the patients with papilledema had a longer duration of symptoms than those with a flat optic disc, supporting the assertion that the duration of ICP elevation is an important factor in the development of papilledema. Moreover, there have been other reports about the low incidence of papilledema in patients with acute elevations in ICP. 7, 11, 17, 18 The primary change associated with papilledema is axonal swelling caused by raised ICP resulting in impairment of the axoplasmic flow. If there were an acute elevation in ICP, there would be a blockage of both the anterograde and the retrograde axoplasmic flow. This may not result in disc swelling, suggesting that papilledema is not a sensitive sign of acute ICP elevation.
In this study, among the patients without papilledema, the factors related to brain hemorrhage and infection were more common than other factors. Even though there was no significant difference in the mean duration of signs or symptoms between the 2 groups with and without papilledema, the duration of brain hemorrhage and infection were relatively shorter than that of brain tumors or congenital anomalies. This difference in duration may account for the difference in the incidence of papilledema. However, to have a more definitive account for the differences in duration, further studies including a larger patient cohort would be needed.
This study has some limitations. First, it is a retrospective study, and we included only those patients whose fundus examination had been performed just prior to the neurosurgical procedure; patients without the fundus examination were excluded. The absence of such an examination was attributable to either insufficient time or circumstances that did not allow for examination prior to the shunt procedure (such as in cases of emergency). Additionally, we excluded patients whose ICP at the time of the neurosurgical procedure was undocumented. Because of the small number of patients, there may be selection bias. Second, as the presence of papilledema was assessed subjectively, it is possible that we missed some cases of mild papilledema or misdiagnosed pseudopapilledema as true papilledema. We did not follow up the fundus examination to distinguish between true and pseudopapilledema after the shunting procedure. In addition, there could be interobserver reliability that we should consider. However, brain imaging for every patient showed en- larged ventricles, and we tried to make a precise diagnosis depending on the fundus examination performed by an experienced ophthalmologist. Additional investigations including a larger number of patients are needed to explain all aspects of papilledema.
Conclusions
In summary, patients who were older, who had higher ICP, and whose hydrocephalus was induced by brain tumor presented with a higher incidence of papilledema. The presence of papilledema must be interpreted as a definitive sign of increased ICP. However, for younger patients with hydrocephalus, the absence of papilledema does not exclude hydrocephalus. To make earlier diagnoses of hydrocephalus, clinicians cannot rely on a single finding. They must consider the patient's symptoms, systemic signs, and ocular signs as well as neuroimaging findings to control ICP and prevent loss of vision in a timely fashion.
